Introduction
. Clinical characteristics of haemodialysed patients and polycystic kidney disease (1), nephrosclerosis (1), haemolytic controls uraemic syndrome ( 1) and undefined (2) . Hypovolaemia and cardiac failure were ruled out in these patients by measuring their volaemia by the isotope dilution technique using 131I- diabetes mellitus, congestive heart failure, amyloidosis or other serious systemic illnesses were excluded. None of them was taking antihypertensive or antianginal drugs, and all HD patients were undergoing a 4-h HD procedure thrice [13 ] were measured by RIA, as previously described. PTH levels were measured by an immunoradiometric assay (Nichols Institute Diagnostics, San Juan tensive patients, although the differences reached statistical Capistrano, CA).
significance only for adrenaline (P<0.05). Data are expressed as means±SD. When variables were PRA (P<0.05) and plasma AII levels (P<0.01) were normally distributed, the data were analysed by means of an higher in hypotensive HD patients than in the normotensive analysis of the variance and the Student-Newman-Keuls HD and the control groups (P<0.05), while no differences test. Correlation coefficients were calculated by the leastwere found between normotensive HD patients and controls. squares method. When variables were not normally distribIn HD patients, but not in control subjects, plasma AII uted, the data were analysed by means of the Kruskal-Wallis levels correlated with PRA (r=0.66, P<0.05). Plasma levels test and the Mann-Whitney rank sum test. Correlation of ANP, AVP and PTH were higher in the HD population coefficients were calculated by the Spearman rank-order than in the control group (P<0.01), but no differences were correlation test. Significance was defined as a value of observed between hypotensive and normotensive HD P<0.05.
patients. MBP showed an inverse correlation with AII levels (r= In the hypotensive group there were two subsets of respect to age, sex, heart rate or weight gain between HD.
patients. Some patients showed plasma adrenaline levels The mean time on HD was longer in the hypotensive group similar to the normotensive HD group, but very high plasma than in the normotensive group (P<0.01), The time on HD levels of AII and PRA. The other subset had high plasma showed a negative relationship with MBP in the HD populaadrenaline levels when compared to the normotensive HD tion (r=−0.57, P<0.01).
group, but plasma levels of AII and PRA in the normal The mean values of vasoactive hormones are shown in range. In hypotensive patients, plasma adrenaline levels Table 2 . Catecholamine levels were elevated in both HD inversely correlated with AII levels (r=−0.66, P<0.05) and groups with respect to controls (P<0.01). Catecholamine levels were higher in hypotensive HD patients than in normo-PRA (r=−0.78, P<0.01).
However, several anephric hypotensive patients with abnormally low plasma AII levels were included in this study. More recently, increased PRA and AII levels associated with a reduced vascular response to AII infusion and a decreased platelet AII receptor density were reported in HD patients with chronic hypotension [7] . In our study, hypotensive patients showed higher PRA and AII levels than normotensive HD patients and controls, indicating that in hypotensive HD patients the renin-angiotensin system is activated. Furthermore, PRA and plasma AII levels inversely correlated with MBP when all HD patients were considered as a group.
The analysis of individual results and the inverse correlation between plasma adrenaline and plasma AII levels in hypotensive HD patients suggest that sympathetic activation is predominant in some hypotensive patients, while the renin-angiotensin system is overactivated in the remaining patients. Thus, our results may reconcile two apparently Plasma angiotensin (pg/ml) Mean blood pressure (mmHg) discordant studies previously published: While Daul [6 ] a-adrenoceptor response, Moore [7] reported similar plasma catecholamine levels but an increased activity of the reninangiotensin system and a decreased vascular AII responsiveness in chronic hypotension in HD.
Plasma ANP levels are often elevated in uraemic patients on HD [10] . Volume expansion, a decreased renal clearance and a prolonged plasma half-life are responsible for the increased ANP levels in uraemia [18 ] . Plasma AVP levels are often elevated in uraemic patients, although similar AVP levels in hypotensive and normotensive HD patients and control subjects have also been reported [17] . Although HD patients showed high plasma AVP and ANP levels, the levels of these hormones were similar in hypotensive and normotensive HD patients. The lack of correlation between MBP and AVP or ANP levels in HD patients, further suggests that these hormones are not implicated in the pathogenesis of chronic hypotension in HD patients.
Hyperparathyroidism has been postulated to play a role in the reduced pressor response to noradrenaline and AII Plasma renin activity (ng/ml/hr)
Mean blood pressure (mmHg)
through an increased production of vasodilating prosta- Fig. 2 . Correlation between plasma renin activity and mean blood pressure in haemodialysed patients.
glandins [19 ] . However, in the present study plasma PTH levels were similar in both groups of patients, arguing against a contributory role for PTH in chronic hypotension in Discussion uraemia.
In conclusion, the increased plasma levels of catecholamines, PRA and AII in hypotensive HD patients, observed in The pathophysiology of chronic hypotension in uraemia is this study, indicate that the two main vasoconstrictor systems not fully understood. Although this complication was initially (sympathetic and renin-angiotensin systems) are overactivattributed to an autonomic neuropathy [3 ] , there is no ated in hypotensive HD patients. These results and the general agreement on this issue, and other mechanisms have decreased pressor responsiveness to noradrenaline [4, 6 ] and also been postulated to contribute to the development of this AII [ 7] , previously reported in these patients, suggest that a complication [ 6, 7, 14] . Among other mechanisms, an imbalperipheral vascular resistance to these vasoconstrictor agents ance between vasopressor and vasodilator systems has been plays a key role in the pathogenesis of chronic hypotension postulated in the pathogenesis of chronic hypotension in HD in uraemia. It is possible that an increased synthesis of the patients. Actually, an increased synthesis of the two endothetwo endothelium-derived vasodilators (nitric oxide and prolium-derived vasodilators nitric oxide [14 ] and prostacyclin stacyclin) are responsible for this vascular resistance, [ 15] has been observed in HD patients.
although further studies are needed to confirm this issue. Elevated plasma catecholamine levels [4] together with a reduced a-adrenergic vascular response and a decreased Acknowledgements. This study has been supported by a grant from platelet a-adrenoceptor density have been reported in HD the Fondo de Investigaciones Sanitarias de la Seguridad Social ( FISS patients [16 ] . These abnormalities were more marked in HD 91/0223). Nuria Esforzado is a Research Fellow of the Hospital patients with sustained hypotension [6 ] . These results suggest Clinic. the existence of a vascular resistance to catecholamines in uraemia, which is more pronounced in hypotensive HD patients. The high catecholamine levels in HD patients References observed in this study, more increased in the hypotensive group, are in agreement with these observations. showed similar AII levels than normotensive HD patients.
